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Wj^m(D\^^tmmwL(Dmm~mmznLxnmd (o 
-Mzj:^wm^tifzh<Dx*^<:>x. mmfk&dm.5 

X Tai-x 03 (O^x^l) ;i5fflV^^^^TV^SC 

i ^l^flS: t-r^ If *3l 1 ^ 5 V ti;5^ 1 m^m.<o^i& 
K— :7^^ix^L i Nb03 mm^m\^^bttx\^^^zt^ 

z<Dmmc. ^(d:^ y hmt¥nfj:-mm\zr^^xmxf 
X. mmh'^^>^m^^^u^m&^^mfi^'r^zt 



" t'-x. ^ Alt ^ -ti-S i^-if- ^ btiJS:?^^ »9 . 
;d5T E ^- K-C^K-r^ J: 9 fcti|^^H-Cv :Lt^^ 

[0 0 0 1 1 

icii^idti. %mmmm^t\.xmmm»'^^Bmm^m 

[0 0 0 3] 

(K;^-fv) ^mm^i^^&^'^fzm^^n^frz^ 

i- ^ t- B leombergen b J; o T ^ tLT V ^ ^ 

(Phys. Rev.. vol, 127, No. 6, 1918 (1962) o 

Ac = 2k/ (2a)) "2i3 (g>) } 
tzfz\^& (2co) f±m 2 iiJP^ooefiS^^ 
^ (co) f±S:2|ciSc^eM^& 

^^i-^r^r% S:^icK^^2i^^i6i:<Dfit@S'g^ (VN 

^^^mmtmrn-^) ^m^^tr-x^^o 

[0 0 0 4] ^Ur. ^J;tti*1#r^^^5- 2 9 2 0 7-^{C 
[0 0 0 5] 

>Kum'^^mf& \^tz%^<D^mwi'^^<r>^Wi&^^m 

J5'j$tixv^5o -;^^7:>^-r^(75*^Kft^^^^fi[13fc 
/T^rJ:^;::. -o(;:)£««E2 a (^nt^^&oT^JgzS 
2&l;ii5£t/^St£*S) (^^fc+Lr. P -C^-TSI^ 2 

^>ry<7:>^iSg^^5^^iiI14{c^rJ: ±ISSS 
SS2 a (r>Pj-L-C£«2(75@^^<^C0f^#;J5¥fT(^?io 



(3) 



it^ggiflg - 2 1 8 4 3 1 



[0 0 0 6] ^^(D^^y(Dt/tmS:'S^iSkm'F\t. 
±ia(7)4#M^5- 2 9 2 0 7-^^lC7r:^nrv^6 tiCOT' 

ti^o Ji^T, z(Dmz'o\r^xmL<wim't^. 

[0 0 0 7] ll3(^fil^{C4yv^-C. ^iS3t:<75t-i./'^i$' 

iNb03 ^<D^mm.m:iia\.^x. &Wj^m(o\^^i^z 

So 

[0 0 0 8] ^r-C\ ^^ft:U-if-3^^P>abt^LfcU- 

u-if- t'-A 4 < ^m&^ 1 A;^ ^-it S 

\^i^<Dtfj:'oXL^Oo 
[0 0 0 9 J -e^-e, u—'if'-t'—J>.4(0}:f--J^y<^ — 
>'fi^<^S^{CLT^(?:>{i3t:^f^^90° [Hie^-^Sfci!b 
tC, =r y pi— >5r-u^^X5 <h^^uvX6 iroPa^f;!!/ 
2 « 7 ^la L r >t 6 ASt*^^:^ i^^^ 

So 

[0 0 10] ^ni'^uT, mA\c^^-r^-<-f<n^^S: 
-e, ^Tt^^^u— tF-3^3t^iSKii75«stca:^^s 

[0 0 1 ll L^^L-e^^RcS. *0|ll4|:i:^-r^-f >^tD 
TtiSS^m^^*^ . Kp< V'SKfU 8 >^£«^® 2 a 
^+^{C^< JFMi- 6 r <!: ;6^-C# i: V ^ 5 P«1M^^ 
So :L<r>.^.^. (HI 9Sr#^.L-Cf¥U<ISi0>^-rSo 

[0 0 12] 9lc4oV^-C. D(i K/-r VSIHSP 

8^ffMi-S/r46comii^^U-CV^So S^. KV-Tv 
S$c95 8(0afet/*f6]:^jJ;UJSffi2O/?^;^[^(i:. -^rix^ 

^ vste95 8coii^{tscMmm;^i:>iSo 

-r>'Slca5 8(Oi|ii<i:^^SIca5(75i|'i<i:<7)tb^ 1 : 1 (Z-TS 



5 umtfii^o m!^D^mft<7)-i^6<]/^:/n-fe>^^Tf'^;S 

i-S(7?{llli|-efo*9 . c=0.5 Mmi-rst. mflDd^ 
h Kpf-r :/RI5SR5 8(7:) a£U^;^f^ECd = 1 MmAftt K^-r 

5 m<b ?iSo 
[0 0 13] Kp'-YvRlsgi^co^SiiSti. S«2(75 

ioJ:t;^Y*(t]^rf^coj*SiSSf:ip]D-CfeSo \^tifi*-^X. 
JbaiOj:^{CLT K^'Y>'SteSi5 8C0i|'i^2.5 /zm<bi- 

[0 0 141 UAJtoJ:5^^Sd^ErJ:(9. :^^^^<r>'^^ 

/to 

[0 0 15] :^^mn±m(D^^{cm^Xfj:^nt:ii:>(D 
S tt^'CfcSo 

[0 0 16] ^(DXo^^yt&Si'^^m^ 
^f-^^iSci-S^rfe^tiSt-rs ^ ^ @ «J <ir-rs *>cOT*fc 

So 

[0 0 17] ^c?:>J:5?:^*ffi«^^^ 

-r s w ^ i ^ i- s o s , 

[0 0 18] 

[slM^fil*-rs/cJ6(7?#^] *^0>^lcJ:S3t««^^ 

(wigcffi-rs ^fts^mt- s *zK:S'2^m^^^J:: 

0 (0' <0<9O° ) S^>it■Cv^s:l<^i^1#^S<^:i-S'ti 
co-CfcSo 

[0 0 19] /i^5Jbl^:SS0^7?±pg^t^co^,^r%x.s 
s^^fi. fs?t^^2(ciEm<7)j:5(^0 <7o° {z^-^-r^ 



(4) 
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[00 20]-;^. Z(DfkmB<DTmm^-0\^'X^^^ 

[0 0 2 1] Sfc. ;$:^0^{::»ii(cffiv^^tb^5S^«ft^ 
^nrv^/iV^L i N bx T a i-x O3 (O^x^l) 

Nb03 mm^mi'fhtior^. :^^mx-\'t^ti^^^^^ 

■f, Z n;a^ K— :^^tlfcL i Nbx T a i-x O3 

S c. MgO;0> K— t/^ttfcL i Nbx T a i-x O 
3 KTiOP04 . KNb03 ^(D^(Dm<^U 

0;5^ K-T'^tLfcL iNb03 S«fi. ^tS^tC^V^O 
T% y>^K— ^OLiNbx Tai-x O3 

[0 0 2 2] iia^iS^T^^tzSg^m^^^^tofc 

(0° <0<9O° ) ^t^TrnX'tf hLXm^^Bf^ 

[0 0 2 3] /^^b^r(753t:^S«^^&^^^o^^^ESc;^fe{c4oV^ 
i,cw^^H^frcmmy<^—:y<^^^^ift-\^xn^j:o^t{c 

[0 0 2 4] ^fe-^7:^J:5^cCffi^S^^v^5^'^^i. It*: 
^1 0(ci5te(Oj:5(^. igmi^^^urii:^«j£^Si;fjD 

[0 0 2 5] ^/hr(?5m*(^^:^iati. fS*3iiilclE® 

(DXo\^=^^i-mmm^mm\^xi>. ^b\c{tm^mi 

[0 0 2 6] :^^3^t;::J:5?feKft^^^v^^-/^ 
LX<o\^'-f-^'-J^^Alti^'^^^m{^^—f- 

[0 0 2 7] 

oTV^/il^cO-C. it^#f$U-if-3 7i^6ti:i#+U/^I/— 



S2 a t^nttj:^m^X^itMm'&l\^K^^^Xh. 

f^mm^'&Widiz m\m^ihx&9:^m^'^^ttji 

f^#liS««cS2 a <h¥tT?if^#i>i'9. ^l/-- tf-t' 

l-Cfi. fffraiL7^[13:Joi:ti^4*(75to<i:|Bl^oM^{c 
[0 0 2 8] ±1S(?:>J: U-if-fc'-A4^^c0iE 

^{i3fe;b-f^7j^ss^s2 a tw<Ttf^<>^mxim^^ 
\\cKi^^'^^(oxhrL\^. wMm^ii^^^^^^^' 
Hfraic^ x/2 i^i^ii ^gr-S^KA*+*#Si^ 

co^/^t^, it^Jgfru— f-3^3fe^SLS&lcO^^®{-fiS^ 

-(Dji^dLr^^^zS^lCiAW'^-lt^ar'g^fi. ^iitiU 
ti^0\C tF— t'— 4 (753t^fe£S 1 ^(OXtl^^ h 

[0 0 2 9] ^LT, SS2C0g^5i'<lOrS]#o^ Z 

[12lw^-rJ:^(:: Ky-f^^^easso^^ dtiS* 
6^{Cd = Ltan 0T-fe^;5v [1 4 cOii^*S^ff{:iM bTlft 

d = Ltan 0 + 1 m m ( 1 ) 

t^j:^o wrT'L(7)fgfi. K^-r^/^e^-tt^ /cistern 

^$:Hi^pi-'5¥^ ([Ei2t?(t. -mtLxBwmmiQt 

(DX\tfj:<. e<Dmr^±^<ti:^\:i^tixmi^-t^^\^ 

$:^i-o ^{cm4{C7fk\^tzv^mmm^z^^^x\^e 

= 0° i: UT K^-r >^RSa5 8^ffMr§/5>^^L;5^ft/J^ 
tfj:Kl. [113t^^U/:itt^*^«t^iBV>-Cfi0 =90' <i: U 
-C VKteSi5 8^?FM-r^j5>-^L^5^:^ (o^«9m 

mmnmmm{zn\^'t^u^A±^x vRs^^et 

[0 0 3 0] -^::r% e ^fe^^^;^#<^^-^^^<b 

-tifi^-^mxh^o :i<D^o{::\^Xh'?^^>RmUS^ 
+^;^{zm<i-^:itr-X^^it. K^-f >'SCSf5 8 i:^ 

f&(D^ms:mW:m^^m^'fz±x\ ^i^tcu— tp-e- 

[0 0 3 2] fji^V^M^ , h 
ttii:Stg^aai:755/i-f^«<l»^5 0° < 0 <70° (T^^-a-C* 



(5) 



it#f^^9- 2 18-4 3 1 



hot^^biXX\^^^ ((^ilx.liJournal of Optical Com 
munications 5(1984) 1. ppl6-l9#S3) o ^ 

[0 0 3 31 ^tz. h>'^^^^^t(om<^r^- 
^,^6o Lfc;5^o-c. ^m^mmr^^^^ h'^^i^^^'^y'=• 
-MzJ:^wm^tl•f^h(Dx^^m't\t. nm6^e< 

[0 0 3 4] ft^OiSS^i&^(l?^;5q#e)ttSSig 

r-x^^. vizt^oxmm^ d) ^^"9. e=o,2° 

<ti-tl.(^ K^-r VSSaso^^ d=1.2 Mm^>:c«9, K 
*<b(S[^[5]i?-^X<h/^5o L/h;5^o-C. 0.2" < 9 ft 

[0 0 3 5] ^'^ii, ^K^- h^(Dn'^m\t.±m(DX 0 

-5o fiaito (1) e=o.5 ^■rti.fi K^>f V 

Se§i5<7:5^$ d=1.4 iimtf^^(DX\ 0.5° < 0 ^i" 

Rummm^- h*(Drri^ifitm^^^xm-S:mm-^^ 

[0 0 3 61 

^5-5, MgO;5^5mol %K— T'^ix/'cL i N b O3 (il^ 
-LNSffi2(i, (I6t::7ni-ct 9{CMgO-LN<7)-rv 

^^yh2' STZtt^-fSitr^LT^^e = 3° ^/i-r;^f^ 

[0 0 3 71 l^±Oj;9(::?i?/«$n/::MgO-LNS^ 



U!Sffi«ffi2a. 2 b{c»ur^[i:?i:trf^ii^ttm. 
z#;^fSiioJ:U=Ytti*-f^lc>ctLr^ite = 3° 

[ 0 0 3 81 ±fSMg O- LNStS2(7:»*ffi2 a , 2 b 
IC. I15OJ:^l^^nmi»?F^mill0. ^SmSll^Si 
(9#tt. -f Z{RijtC&M-ro®Jf^StllOt7?*r;0^iES{4. - 

W^M^ir^^o\^. -hz:fe-f^^f^v^-cv^fc£1S2cog 

K^-r >^SSa5 8<7>^1sE<7>f6]# t>SS*ffi2 a {C^b-C 

[0 0 3 91 :^mx\±. m^^mMxois^xi^mmMn^ 

l±^J;tl^20~100 iim. fi^Li (±0iJ;tl^ 6 mm. 

1^10. nm<D^^^y:^G\-tm^\tm -500 izm^-rtL 

^fc«Sff^m<ll0tOj^S^Afi4.75;/m. m^lfiO 
S$*3j:U^i|§ti-^tU^tll000A/ m. 0-5 ^m^LfCo ^ 

\^x^mMmn(om. -r^^^^^z* ;^f^(75-^?fei^ioo ^ 

m<b X^tLo 

[0 0 4 01 ±m<dW£^^^\'^^ m^(D'j—^^^±.'r 

xio-5TorrJitT<t:-r^o ^J:^. Z.<D X 0 \zn^'i'X 
ml£m^'t^itfy^ mm^t^/i'^xm&w^n't^x 

9lcL-CtJ:v\ ^rzmnmf^<Oy</i'MMlt^ l~10se 

c t'tiv\iX^\ 
[0 0 4 1] ^ K;^-r :/Sic95 8(i. ^MW.JE^^±^^^ 
SZ*4i:^0i:?i;^fS]|:i^#<iA;5^^J: 9fcnc6o mk}(D 

(Dit^n : 1 <i:?S5(7:^ft> Wx.(^±ia^-Y'y:/G^^200 
Mm(7)#^ti^*Dm/ESrm0OOV{CL/-c^#. ^^y^ 
Gf)HOO nm(D^^\tmnmf£^'m50QV{CLtit^X 

L/!::^'g'tot,<7)-e^'9. ssfiig^f'i;ttf2oo t;^-r5 

(0 0 4 21 ]iX±(D Xo{CLX 8 7)mf& 

O3 (m^) tfin : 2{l?l^^tLr/i^^:y^:^i^?S 



(6) 



!^mW-9- 2 1 8 4 3 1 



[0 0 4 3] ±^mm<Dmum'¥Mt. flfris[ii4tc7j^L 
[0 0 4 4] ±M.(Diio\^\^xmj^^n>ti 

[0 0 4 5] ?!Jc{::±fSMgO-LN£«2tr, JL^T^Oi: 

- 9 M mS^co^JS (*:i^'J-e{tT a) O-^^^^^ffMi" 
-5o ^£D^^c^MgO-LNStS2{r^U-C. h'n y V 

0 t;T-lS#P«ir-— /U-r^o i^A±(7)^ail{rJ:(9. HiK^ 

[0 04 61 JSfctC±f£MgO-LN£«2<0. 
/w*^KSS 1 «® ^ ^ - X ® *5 J: 1/ + X © Ir 

ii^^f$:u-if-3. 3£WcS*ffiAtt*^^ (^ty^- 
>5^"-uvX5 <h«^i/>'X6 i:/5»^<b?'^e) 

^ ti.fc if - 1'- A 4 ^ ^iSft ^^20{r At* ^ -li: 

&g;65l/2(7)^2ii?f^K^M^^-tt/::. 
[0 04 7] CcO<i:#, hV-rv^tc^S;^^^—!^-!::' 
-i^4(Digzffi*f^{^Jl,^6^{w;^«9igL.-C?:e^ilffl hv-r 

1-5, ^C*5*:M-C{i. p<-^-u>'X5<i:^7t:^'>' 
ft: if- 3 Oge^^— n Lfz, 

[0 0 4 8] ±f2^75*ffi«^^^V^^-/^tw^^l^-C^^, 

MgO-LN£«2(7>g^^<^or^#o* zm:^\^ 

if^:^g^^: u— !f- 3 ;b>fb tUM t/i u-if- 1'- A 4^^(D 

mmm^t:fj\^ (^^q:^\^) ^-mm^^2 a twntf^ 
^^mx^m&mi{zAM^-^xh. ^mm^^'^^d 



iS^-— if-t:'~^4>^i^^i!)?iT'3t^iSSSl 

{cA;^$-ti:o::<t;!)^'et5o "t^x. ^*-ro^2fiiil 

lfec03fiffi;5S;;k:t<^C5o U-if-t:'-i^4fl*^g«SSl 

^^{id33cos e t^j:^o 
[0 04 9] ^<Dm^<D&&^t^<Oi^l^m^itlS0 %/ 
Wcm2 Xh^. IT'J^f^^CSfeTechnical Digest Of The 
Fourth Microoptics Conference And The Eleventh Top 
icalMeeting On Gradient-index Optical Systems p. 15 
4^{zmW.^tlX\^^^. X^tiJt^Ytf^y h<Dh IT aO 

mt^-<x. mL<M^^t<ot^j:ox\^^^o 
[0 0 5 0] m^ms^^mLx^ :^^m(Dm2<Dmm 
mmAc^^^xmrn-t^o r.<7>ii8ti. :^m^M(D^2<D 

(Dmrniatm^^^i-^i^xh^ . ^tibi:i^\^^x<Dmm 
[0 0 5 1] z<Dm2<DmmmmAt. mxcn^Mm^ 

mf^^i,<r>xh^o o^f?ro#-&(±. m^^<^'h<Dtm 

1tOMgO-LNS«2<?:>— ;^<^^®2 ate, mi^^W^ 

0. n^m^^x. ^\(D'mM(r^Mm\^^^"^^<otmm\:L 
[0 0 5 2] u;6^L*^J^-ib^v^r^^. v^^-o^^mut 

00V(:iLfc<i:#-Cfo«9. ^ 1 (^5^5S<^Jf$figf-^b^tt ^ftig 

[0 0 5 3] tA±(75j:9tiL-cffM^nAcK^-r>'s:i5 

gRt,. Wi^\t.2--Z iimtfi:^X^^ ^ mA\:im\^fz% 
[0 0 5 4] gfc(C±ISMgO-LNSS2t::. ^1(7)^ 



(7) 



- 2 1 8 4 3 1 



[0 0 5 5] 2klC|ll9^&#SBLT. 3 t^HJS 

[0 0 5 6] z<Dm3<Dm^mmt. %\<nmMm^ 

[0 0 5 7] /^io»?gmSlO:jb*i:i;^¥t^mSllc75JF^t^ 

[0 0 5 8] :*:CTf-Jb^V^r^^. ^ 
a5<t:CO^iS;^l5i(?:>:g$CDit;6^ 1 : 1 tt^:^<Oit. ^2<D 

[0 0 5 9] i^;l_bC0j:9{CL-CffM^tlfc K^-^^^^^ 

A/mig^) tit^X2'--3m<om^fimhtlX\,^^o 
[0 0 6 0] ?^(C±faMgO-LNS^2{C. ^1(7)^ 

z(Dtft&^^^mi'^m 1 <k i^^^tci Lxm 2 mm&m± 

[0 0 6 1] ^JctwH 1 o^mmi^x^ :^wm<Dm4<7:>m 
m(DBmj^-:>^^xm.mi-^o rtonnoii. :^wM<Dm 

[0 0 6 2] z<Dm4<DmMmmjt. mi<7)^M<^B 
mtitmir^t. ugo-LN&w,2{zmm^mni-^ 

mc^oxmmr-mn^n^o ^<7)tiMcugo-hN 

M g O - L N£|g 2 co^iJ(;5*S 2 b {C^ftil-f ^ J: 9 =i 



[0 0 6 31 ^nicJ:!:) w<7)*ft^t>. +z;^f^$:f^v^-r 
m2 alcMLX 6 = 3" m^'X:3fS^)^ Lf::;^^ o T 

^/rsgSr 8 <D^m<DiH^i,m^nm 2 a t^^t lt fs]«iw 
[0 0 6 4] fj:^±m<o=ia-rmm^^x^'&mmnn. 
iSL. v2o\ti^n,^{cEm\^xrf^£^fzo 

[0 0 6 5] ±^OXo\:^\^XWm^tltz K;^ Y^^^K 
^5 8^. mi^O||Jg(7??gfi|^l^«(^L."C®?&^{cJ: 

(7:)^^ (l;zmS^) i: it-^r 2- 3fSi:;;^o-CV^f'o 
[0 0 6 6] ^^C{::±lSMgO-LNStS2{^. ^1^7)^ 

^Xf^Xf^^^^^/l^^m^^^Bfi^U ■^<DWiZ(D^ 

z<D^m&m^m^^m 1 1 mm^^ ur^ 2 i^p^^^ 

[0 0 6 7] 1 1 ^#BB LT. 5 (DM 

[0 0 6 8] ::(?5m5f^^JSOJF^fig(l. 

timmmmt^^-r^t. Mgo-LNS«2(cm^ 

MgO-LNSS2cr>»®2 a. 2h{Z.^tl'e^. [15 

[0 0 6 9] ^nf::i:D. + Z«il(reM-r^1S?F$«^^lO 

[17{C^L/1'L(7?^P1«00 Kp'^r VR|c?[5 8 7)>JfM 

ffi2 a dWLTfl = 3° <Sv^-C:io>?. Lf-^i^oTK^-T 
V-RSagP 8 (7)55-1^(7) f&l # 2 a {w>tt Ur I^^^U 

[0 0 7 0] JliEm^i®40<7)fiaWti. i:-»£(7) v-i^^pj 



(8) 



1^m¥9 - 2 1 8 4 3 1 



^♦if^. ir«lx.tf I'-lOsec ti'il\€X^\ 
[0 0 7 1 ] roj; 9(^Lr K^^vSScSfSS^ffM-r 

•tot. #»^co»iSS£EH^^l/3 <i:n^5o 
[0 0 7 21 ±,m<DXoicLXm^^tltzh'?^-f>Rm 

mL.fz^^. ro^^t. KTt^^'KSiaiso^^ii. [14 

[0 0 7 3] ^!fcfC±fEMgO-LNS«2(C. ^ 1 

-(D^mSim^m'f-^m 1 1 uxm 2 ji^^k^^ 

[0 0 7 41 JSfedlH 1 2^#BBLT. *^0>^(7)^ 6 

[0 0 7 51 z(Dm6(Dmmmmit.. ^5(Dmmmi^ 
(9f+tt^ti.. :i<Dw^^m^n{zm^mo±mM^thx k 

[00 7 61 1 3 LT. :^^^M(Dm 7 (75^ 

[0 0 7 71 cc7:>S7<;:)||Jgojf^flit,. mso^igc^JF^ 

(D^m2 a*5J:t/2 b (^r«1«75iSffitc ^tsmS 11 li- 
ft bn> Z(7)^tgl|1glUcmi^^40^\SBSt^ttT V?^^ 

[0 0 7 81 ifcfCEl 1 4«:#Bgu-c. *^0Jco^ 8 

[0 0 7 9] w(0^8O^JS(^?F^ffi{::*5V^T(±, ^5. 
{t^^fhtl^£^\ ^ LrMgO-I-N£1S2(7)affi2 b 



[0 0 8 0] 1 tCTi^L/^i^iSfi^^^v^^-^^'C 

-iT^m^-h^^uy^i-^ztf^mx^^o mx.itm 

7t{l::U^^. m2iii^fe4* ^y-Si 
u— if— f—A4fi:itD^/-r^n>r 

51^Sii^itfc^{ri/u— l^^SZXRM 
^^tX^mft^^—^-S^^M^^o^zi^. Z.<T>^u—'r 

[ 0 0 8 1 1 %fzm 1 6 {c^-r3tft«^^^v?^— /^"tr 

^Kg^m^i^2o<D5S®ic^jgf;^ix--if--3/5^ii:jt 

[0 0 8 21 MgO-LN£t^2{ca:^^si:^jDi- 
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